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Two thermophilic species which were isolated from com¬ 
post material were used in this study. These species were 
Aspergillus fumigatus and Mucor puslllus. In order to de¬ 
termine the upper temperature limits for growth of each of 
the isolates, they were grown on Czapek’s agar, for seven 
days, at five different temperature levels (25, 30, ^3» 50, 
and 55 C). At each of these levels the radial growth of 
the isolates was measured and the amount of mycelial yield 
was determined at the end of each seven day period of in¬ 
cubation. A. fumigatus was found to have an upper tempera¬ 
ture limit of 50 C whereas M. pusillus was found to have 
an upper limit of 55 C. 
In order to determine whether these isolates could be¬ 
come conditioned to growing abundantly at or above their 
normal temperature level, they were gradually exposed to 
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higher temperatures. This gradual exposure to high tem¬ 
peratures resulted in an obvious improvement in the growth 
of A. fumigatus at 50 C. This improvement was evidenced 
by an increase in the mean mycelial mat diameter of this 
isolate from 20.8 mm to 34.0 mm and the development of co— 
nidiophores, whereas, before only sterile mycelia had been 
produced. M. nusillus did not respond in the same manner 
as A.- fumigatus when gradually exposed to higher tempera¬ 
tures. Evidence indicated that continued exposure of this 
isolate to a temperature of 55 C resulted in its death* 
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A thermophilic fungus is regarded as one that has a 
maximum temperature for growth at or above 50 C and a mini¬ 
mum for growth at or above 20 C (Cooney and Sïnerson, 1964),. 
These investigators have indicated that those fungi which 
have a maximum growth temperature near 50 C but minima be¬ 
low 20 C are classed as thermotolerant. This concept of 
thermophily in fungi is supported by the work of other in¬ 
vestigators who have extensively studied the effects of tem¬ 
perature on the growth of various thermophilic species and 
who have described their isolates as not being able to sur¬ 
vive temperatures above 60 C, and most often not above 50 C 
(Fergus, 1962; Stolk, 1965;;and Kuster and tocci, 1964-). 
Brues (1927),* in a study of animal life found in hot 
springs, indicated that the maximum temperature at which 
an organism is found in hot springs is near the thermal 
death point of individuals living in other habitats. Brock 
(1967), who also did an extensive study of microorganisms 
found growing in hot springs, expressed the idea that the 
temperature at which a particular organism is living is not 
necessarily the upper temperature for life but only the upper 
temperature at which all conditions for life are possible. 
Brock further states that the microorganisms of hot springs 
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are possibly relicts of primordial forms of life and con¬ 
sequently mesophilic forms evolved from these primordial 
thermophilic organisms. Several investigators have at¬ 
tempted to show that thermophilic and mesophilic forms dif¬ 
fer only in the types of enzymes that they possess and which 
consequently enable them to survive at their respective tem¬ 
peratures.. They believe that thermophilic microorganisms 
have evolved enzymes which are capable of functioning atr 
higher temperatures than those of mesophiles (Evrienova, 
1961; Tashpulatov, 1966; and Fries, 1953)* 
Based on the belief that thermophilic microorganisms 
gradually evolved from mesophilic forms, Allen (1949), 
Lalouche (1949), and Fries (1953) attempted to induce meso¬ 
philic or thermophilic species to grow at temperatures above 
those previously described as being the absolute maximum 
temperatures at which growth could occur. 
The studies reported here were motivated by the work 
of the last mentioned investigators who have indicated, either 
directly or indirectly, that there is possibly a close evo¬ 
lutionary relationship between mesophilic and thermophilic 
microorganisms. They have suggested that through further 
adaptations, or by changes in environmental conditions,, these 
organisms may be Induced to grow at temperatures outside 
of their normal growth range*. On account of this it would 
appear worthwhile to investigate whether or not certain fungi 
can actually be induced to grow abundantly at or above their 
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maximum temperature. This investigation specifically deals, 
therefore, with an attempt to induce two thermophilic fungi, 
namely, Aspergillus fumigatus and Mucor pusillus. to grow 
abundantly at or above 50 and 55 C respectively by gradually 
exposing them to higher temperatures. If this were found 
to be possible it would lend support to Brock's (1967) theory 
that the highest temperature at which an organism is found 
to be living is not necessarily the upper temperature for 
life, but that through gradual adaptations organisms can 
become optimally adapted to living at or above their pre¬ 
viously described maximum temperature. 
Fine structure studies appear to be one logical step 
in elucidating any structural cytoplasmic causes for ther¬ 
mophilic fungi being able to grow at such elevated tempera¬ 
tures.- With this in mind electron microscopic studies were 
undertaken to determine if there is a significant difference 
in the relative abundance of membrane systems of hyphae of 
a thermophilic fungus, when grown at a lower temperature, 
as compared with the amount present when the same fungus 
is cultured at higher temperatures.. 
CHAPTER II 
REVIEW OF LITERATURE 
MIeche (1907)’ appears to have been the first biologist 
to do a comprehensive study of thermophilic fungi., He con¬ 
ducted a comparative study of all known thermophilic species 
at that time. The purpose of Mieche's paper was to compare 
members of the group with themselves and also to compare 
the general properties of these forms with other non-ther- 
mophilic microorganisms* In his paper he proposed the 
following nomenclature: thermophiles-organisms with a tem¬ 
perature minimum of about room temperature (25 C); orthother- 
mophlles-thermophiles with a temperature maximum above the 
temperature of protein coagulation (60—70 C); thermotolerants- 
organisms with a temperature maximum of 50-55 C, but which 
also grow well at room temperature.. 
With few modifications Meiche’s categories of classi¬ 
fication for thermophilic microorganisms have been accepted 
and are in general usage. As early as 1903 attempts were 
made by various investigators to explain the physiological 
characteristics of thermophiles. Stechell (1903) examined 
the hot springs of Yellowstone National Park and attempted 
to explain the mechanisms that enable protoplasts of thermal 
organisms to withstand temperatures which are known to co¬ 
agulate and consequently kill the protoplasm of most or— 
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ganisras. He suggested that there was less differentiation 
in the protoplasm of thermophiles than in that of other groups. 
Stechell speculated that the difference could be found in 
the essential proteids found in the protoplasm. 
Sobota (1961), in his work with aerobic spore-forming 
bacteria, observed that thermophilic cells contain a princi¬ 
ple which when added in small quantity to a fresh culture 
medium permits an inoculum of a mesophilic organism to grow 
at elevated temperatures.- This induced thermophily was re¬ 
ported to be capable of being carried from one transfer to 
another for an indefinite period.. The work of Sobota sug¬ 
gests that the factor enabling thermophilic organisms to 
withstand higher temperatures than mesophilic forms is a 
type of nucleoprotein. 
EVrienova (1961) worked with Saccharomyces cervisiae. 
strain XII, a yeast employed in the alcohol industry that 
grows at 28-30 C, and a thermophilic variant, derived from 
it, that has a growth temperature of 39-^0 C. Based on the 
knowledge that nucleic acids and other very important com¬ 
pounds play an active part in enzymatic and energetic cel¬ 
lular reactions, including protein synthesis, studies were 
conducted to determine and compare the rate at which these 
processes occur in thermophilic and mesophilic organisms^. 
It was found that in thermophilic organisms all these pro¬ 
cesses are considerably accelerated. Hence, it was sug¬ 
gested that at high temperatures nucleic acids of thermo- 
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philic microorganisms, when compared with mesophilic organ¬ 
isms, undergo changes that result in an accelerative effect 
on certain cellular regulatory mechanisms.. 
As a followup to these studies Evrienova and Miroshni¬ 
chenko (.1962) conducted an investigation on free nucleotides 
in the mycelium of thermophilic and mesophilic Aspergillus 
fumigatus variants at similar developmental stages.. They 
found that with an increase in temperature the nucleotides 
in the mycelium increase and their diversity decreases. 
The total nucleotide content in the thermophilic form amount¬ 
ed to 3.7 mg$ and in the mesophilic one to 3.07 mg$ of dry 
weight of the mycelium,. From these results these investi¬ 
gators concluded that temperature should be regarded not 
only as an energy yielding factor, but also as a factor which 
affects the amount and composition of nucleotides. 
Tashpulatov (1966) studied optimal conditions for ac¬ 
tivity of cellulolytic preparations from cultural broth of 
thermophilic and mesophilic strains of Aspergillus fumigatus. 
It was found that specific activity of cellulolytic prépara— 
tions from the thermophilic strain is considerably higher 
than that of the mesophilic strain, uptimal conditions for 
the cellulolytic activity of the preparations from the ther- 
mophlle were found to be at a pH of 5.0 and a temperature 
of 55 C.. Optimal conditions for the mesophlle were pH 5*0 
and 45 C. Thermostability of cellulolytic enzymes from the=: 
thermophile was said to be considerably higher than the 
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thermostability of those from the mesophile. 
Brock (1967;, in his attempt to explain how thermophilic 
forms probably gave rise to mesophilic forms, has suggested 
that they may have originated as the result of changes in 
the kinetic properties of enzymes and of the protein-syn¬ 
thesizing machinery. Earlier investigators also employing 
the hypothesis that there is a close relationship between 
thermophilic and mesophilic organisms, attempted to adapt 
thermophilic species to grow at temperatures outside their 
range of tolerance. Gaughran (19^7;, indicating a belief 
that an appreciable increase in temperature tolerance appears 
to require a great length of time, doubted that the sudden 
development of thermophilic forms occurred.. He further stat¬ 
ed that altough it cannot be denied that some adaptations 
to environmental conditions occur, the probability of ob¬ 
serving such a change by prolonged cultivation of an organ¬ 
ism under a slightly modified environmental condition is 
hardly to be expected. Gaughran also believed that attempts 
at accommodation by gradual change of temperature in an effort 
to duplicate the process of natural selection are unjustified. 
Allen (19^9) worked with thermophilic bacteria and in¬ 
dicated that she found some strains which might be easily 
adapted to grow below their original minimum temperature. 
She however indicated that the ability to grow at higher 
temperatures may be the result of a discontinuous change 
rather than a gradual adaptation. 
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LaTouche (19^9), in his work with a species of Chaetomi- 
um, indicated that the maximum temperature at which growth,, 
visible to the naked eye, could still occur lies at 60 C 
or slightly above it. In his work LaTouche found that inoc— 
ula transferred suddenly from a lower temperature, e.g. ^5 C, 
to 60 C frequently failed to show any growth, but when the 
transfer was made by gradually increasing the temperature 
levels some slight increase in growth occurred. The average 
linear growth along one diameter of three inocula at tem¬ 
peratures starting at 5&-59 and increasing gradually to 61.5 
C was measured for an extended period and compared with that 
of three inocula maintained at a temperature of b5 C for 
the first three days. 
Another investigator who studied the problem of induc¬ 
ing growth at higher temperatures was Fries (1953He 
discovered a strain of Coprinus fimetarius which had its 
temperature optimum between 35 and ^-0 C and still produced 
measurable growth at M+ C. Based on the belief that vita¬ 
min and amino acid requirements of some bacteria and lower 
fungi depend to a considerable degree on temperature sensi¬ 
tivity of enzyme systems, Fries decided to determine whether 
Coprinus fimetarius could be induced to grow at higher tem¬ 
peratures if cultured on a more complex medium. Growth at 
C was considerably increased by the addition of hydrolysed 
casein. The active principle was determined as methionine 
which produced its optimal effect in concentrations of 8o— 
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240 Amol per liter. 
From reports found in the literature, it appears that 
of the various substrates known to support growth of ther¬ 
mophilic fungi, those of plant origin seem to support the 
most abundant growth of these organisms. Eggins (1964) 
isolated Thermomyces species. Chaetomlum thermophile La 
Touche, and Pénicillium duponti Griffon and Maublanc emend., 
from piles of Nigerian corn kernels that had Internal tem¬ 
peratures of 60 C. Stolk (1965) isolated a thermophilic 
species of Talaromyces Benjamin and Thermoascus Mieche from 
Italian compost. Apinis (I960) studied the occurence of 
thermophiles in alluvial soils and in the vegetation of Trent 
Valley near Nottingham. He suggested that the presence of 
these organisms in the surface layers of the soil and in 
plant debris appeared to be a natural phenomenon because the 
soil was periodically warmed by solar radiation and as a re¬ 
sult suitable conditions were created for their development. 
Kuster and Locci (1964) in a study of microorganisms 
found m peat isolated several species including Mucor pu- 
sillus. Humicola insolens. Humicola stellatus. Humicola lanu- 
ginosus. Paecilomyces sp. and Aspergillus fumigatus. They de 
scribed the optimum temperature for most of their isolates as 
being 35-55 C with Humicola having an optimum of 3U-6U C. 
Fergus (1963) investigated species of thermophilic and 
thermotolerant molds and actinomycètes found in mushroom com¬ 
post during peak heating. Fergus isolated eleven species 
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of actinomycètes and eight molds with Thermomonospora curvata 
being the most frequently isolated actinomycète, and Humlcola 
griseus var. thermoideus and H. insolens the most frquently 
Isolated molds. The molds, except for Aspergillus fumigatus. 
were reported to be able to grow slightly or abundantly at 
55 C. However, the optimum was commonly 35-50 C. None 
grew at 60 C. The actinomycètes grew at slightly higher 
temperatures than the molds for five species grew at 60 C. 
The optimum temperature for most of the actinomycètes was 
35-55 c. 
In an attempt to determine whether molds are actually 
responsible for the rise m temperature and consequent de¬ 
composition of plant material, James et al. (1927) presented 
data that indicates that microorganisms play a very impor¬ 
tant role at least in the early stages of spontaneous heat 
production of deteriorating plant material. Strains of 
organisms in water suspension were taken and inoculated into 
sterilized corn and aerated. Temperatures as high as 57 C 
were produced. Twelve strains isolated from corn meal and 
cracked corn were tested. Seven raised the temperature of 
the flask from 3u to 50 C or above and nine produced tem¬ 
peratures above *+5 C. 
Barron and Gilman (1930) studied the effects of molds on 
the temperature of stored grain. Aspergillus nlger van Tie- 
ghem, A. flavus Bref, and A. fumigatus Fres. were the molds 
used. He grew these molds in pure culture and then inoculated 
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them Into samples of sterilized oats, barley, and wheat. 
Due to the rise in temperature produced by each of these 
molds in the sterile samples of grain, it was suggested that 
in all likelihood marked increase in temperature in bins of 
stored grain may be ascribed to mold growth. 
Norman (1930) made attempts to explain the cause of 
the rise in temperature of compost material when the tem¬ 
perature of this material is often found to be well above 
that which could possibly be produced by any single ther- 
mophile. He based his explanations on the observation that 
the association of organisms may be competitive or co-opera¬ 
tive in thermogenic power. Norman surmised that certain 
associations of the thermophiles found in a particular com¬ 
post pile may be of greater thermogenic power than the 
individuals participating. 
Blom and Emerson (1962) studied two isolates of Péni¬ 
cillium obtained from self-heating compost. To determine 
whether they were truly thermophilic the isolates were first 
grown at a series of temperatures and growth differences were 
compared by measuring colony diameters. These investigators 
pointed out that most studies of growth of thermophiles at 
different temperatures compare the total amount of growth 
after a certain time period, however, they felt that dif¬ 
ferences observed using this method could be due simply to 
differences in the lag phase. With this in mind they deter¬ 
mined growth curves based on dry weights for an isolate of 
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the common therraophile, Thermomyces lanuginosus. 
Very little consideration has thus far been given to 
the differences that may exist in the ultrastructure of fun¬ 
gal cells when they are grown at different temperatures. 
Sussman (1966), in a report on types of dormancy in conidia 
and ascospores of Neurospora. compared the ultrastructure 
of dormant ascospores with that of an ascospore in the early 
stages of germination. He reported finding the endoplasmic 
reticulum to be essentially absent in dormant ascospores, 
whereas, the germinating ascospores were found to have ex¬ 
tensive endoplasmic reticulum. 
Brock (1967) in his studies of life at high temperatures 
expressed the belief that the molecular mechanism of ther— 
mophily is possibly related to the stability of the larger 
membrane structures that are held together by weak bonds 
which are likely to be broken by high temperatures. He sug¬ 
gested that the ability of eucaryotes to grow at tempera— 
tures as high as procaryotes may be due to the more compli¬ 
cated membrane systems. 
CHAPTER III 
MATERIALS AND METHODS 
The cultures used In this study were isolated from com¬ 
post material obtained from large compost piles in Piedmont 
Park, a large city park in Atlanta, Georgia. A portion of 
this compost material was placed In sterile distilled water 
in a sterile Waring-Blendor and macerated. Bits of this 
blended material were dispersed on the surface of several 
Czapek's agar plates and incubated at 4-3 C because thermo— 
philes have been found to have an optimum temperature some¬ 
where between 41) and 50 C. It was assumed, therefore, that 
by incubating these initial plates at 4-3 C development of 
mesophilic forms would be suppressed. 
Within 24 hours patches of mycelial growth were observed 
and transfers from several of these colonies were made im¬ 
mediately to sterile Czapek's agar plates. These transfers 
were incubated at the same temperature as the original Iso¬ 
lates. To insure that pure cultures were obtained transfers 
were again made from the outer edges of these cultures after 
they had been incubated for 24 hours.. 
In spite of steps taken to suppress the growth of me— 
sophilic forms it was found that some of these organisms 
did appear although their growth at 43 C was slight. There¬ 
fore in order to insure the establishment of truly thermo— 
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philic isolates each culture was incubated for a period of 
seven days. Only those isolates which showed signs of abun¬ 
dant growth at the end of this time period were considered 
to be true thermophiles., 
After numerous isolation attempts, it was found that 
two species occurred more frequently than any of the others* 
These fungi were identified as Mucor pusillus and a strain 
of Aspergillus fumigatus.. These two isolates were then 
selected for the comparative study of upper temperature 
limits for mycelial growth of thermophilic fungi* 
The morphological characteristics of Mucor pusillus 
have been described in detail by Cooney and Emerson (196*0.. 
They are as follows: 
Turf 2-3 mm high, at first white, later deep 
neutral gray to hair brown; sporangiophores 10A 
in diameter, branches sympodially, colorless at 
first, later yellow-brown; sporangia spherical, 
50-S0A in diameter, wall beset with short spines 
columellae subspherlcal to slightly elongate, 15- 
35M in diameter often up to 60/*. in length, pro¬ 
vided with a collar; sporangiospores colorless, 
spherical to subglobose, 3-5A in diameter.. 
This isolate described by Cooney and Emerson was grown on 
Yeast-Starch agar, however, the morphologic characters of 
the isolate that I cultured on Czapek’s agar agreed pre¬ 
cisely with the above description. 
Raper and Fennell (1965) provided a detailed descrip¬ 
tion of cultures of Aspergillus fumigatus as they appear 
when grown on Czapek's agar: 
Colonies on Czapek*s agar spread broadly over the 
substratum with surface character varying from 
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strictly velvety to deeply felted or extremely floc- 
cose, white at first, becoming green with the de¬ 
velopment of conidial heads but varying from gnapha- 
lium to lily green or even caster gray in age; re¬ 
verse of substratum uncolored in some strains, in 
others showing varying amounts of yellow, green, or 
even dark red-brown shades. Conidial heads colum¬ 
nar, compact, often densely crowded, varying in 
measurement from strain to strain up to 30/A. in 
length by 5-8/*. in diameter? usually more or less 
green colored, especially in the upper part, aris¬ 
ing directly from submerged hyphae, gradually en¬ 
larging upward and passing almost imperceptibly 
into the apical flask-shaped vesicle; vesicles up 
to 20-30/*. in diameter, often colored as the conid- 
iophores, usually fertile on the upper half only. 
Sclerotia and cleistothecia not found. 
Use of Czapek's agar was continued throughout the study. 
This medium was recommended by Cooney and Emerson (1961*) 
as being particularly satisfactory for the growth of ther¬ 
mophilic fungi. The contents of the medium are as follows: 
NaN03 3.0g 
KgHPO^ l.Og 





Distilled water-   to make 1000 ml 
To avoid danger of caramelization the sugar was added 
just before the final sterilization of the medium* 
It has been suggested that the optimum pH for the growth 
of thermophilic organisms on Czapek’s agar is 5.0. The 
normal pH of the prepared medium is *+.8. To obtain 
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the optimum pH and to prevent changes during the growth of 
the organisms it was necessary to buffer the medium. A 
citrate-NaQH buffer solution was used to adjust the pH of 
the medium.. This solution was prepared by adding 21 g of 
citric acid to 200 ml of IN NaOH and then bringing the vol¬ 
ume of the solution up to 1000 ml by the addition of distill¬ 
ed water. The final pH of the buffer was 5» 2. Stock solu¬ 
tions of IN NaOH and IN HC1 were prepared. Fifteen milli¬ 
liters of buffer solution were added to every 50 ml of 
medium. All pH readings were made on a Beckman-Zeromatic 
pH meter. 
Aliquots of 25 ml of the medium were placed in test 
tubes, autoclaved and poured into sterile petri dishes. 
Standard aseptic procedures were followed in the prepara¬ 
tion of plates and the transferring of cultures. The medium 
was autoclaved for twenty minutes at 15 pounds of pressure 
(Alexopoulos & Beneke, 1962). 
For comparative purposes, strains of Mucor pusillus 
and Aspergillus fumigatus were grown at five temperature 
levels (25» 30, 4-3, 50, and 55 C). Petri dishes contain¬ 
ing 25 ml of agar each were inoculated with uniform size 
plugs taken from 48-hour-old cultures incubated at 43 C. 
In each experimental series five plates of each isolate 
were cultured at each temperature level. Cultures were 
maintained at each of these temperatures for a period of 
7 days. At the end of the seven day period radial growth 
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was measured in mm along an arbitrarily chosen x and y axis* 
Subsequently the dry weights of the mycelial mats were de¬ 
termined. This procedure was repeated three times for each 
temperature level giving a total of fifteen replications 
at each level for each Isolate. 
The mycelial mats were removed from the agar plates 
7 y 
using the technique described by Day and Hervey (19^2)• 
In order to melt the agar the petri dishes were autoclaved 
for 20 minutes at 15 pounds of pressure. The mycelial mats 
could then be lifted from the agar with a pair of forceps* 
To remove any additional agar that might be still attached 
to the mycelium the mat was washed in hot water. After 
washing the mat was placed on filter paper and dried for 
18 hours at 90 C*. 
The maximum temperature at which growth visible to the 
naked eye could still occur was found to be 50 and 55 C for 
Aspergillus fumigatus and Mucor pusillus respectively. That 
these temperatures are the upper temperature limits for these 
two organisms was established by attempting to culture each 
organism at temperatures two or three degrees above those 
temperatures at which only slight growth was observed, once 
the upper temperature limits had been established attempts 
were made to induce these isolates to grow beyond their 
normal growth range. A. fumigatus and M. pusillus were again 
maintained at their respective maximum temperatures for an 
additional period of seven days. This procedure was followed 
w 
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in order to attempt to better condition the isolates to grow 
at higher temperatures. Growth of these cultures was then 
compared with that of their parent cultures to determine 
any evident changes in the quality or quantity of growth. 
Transfers were made from the new cultures of A. fumigatus 
and these were incubated at 53 C. This temperature had 
previously been described as being outside the normal growth 
range for members of the A. fumigatus group. Cultures were 
incubated at this level in order to determine whether or¬ 
ganisms may possibly be capable of surviving at temperatures 
beyond their previously described maximum temperature once 
they have become somewhat better conditioned to growing at 
their maximum. When transfers were made from the poorly 
developed cultures of M. puslllus, which had been incubated 
at 55 C, and these transfers were again incubated at 55 C, 
no signs of growth were evident at the end of the regular 
seven day incubation period. Consequently, it would appear 
that the Mucor was Incapable of becoming conditioned to grow 
at its maximum temperature through use of the technique of 
gradual adaptation, therefore, further attempts were not 
made to culture it at temperatures beyond that point.. 
In preparation for studies on the fine structure of 
hyphae small portions of mycelial colonies were first killed 
and fixed in Luft's potassium permanganate solution. After 
fixing for 30 minutes at room temperature the mycelium was 
dehydrated in a graded series of ethanol solutions. The 
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tissue was passed directly from 100 % ethanol to a 1:1 
propylene oxide and Epon mixture and held over night to 
insure infiltration. 
The embedding medium was composed of a mixture A and 
mixture B. Sixty-two milliliters of Epon 812 were combined 
with 100 ml of dodecenyl succin anhydride for mixture A. 
Mixture B was prepared by combining 100 ml of Epon 812 with 
89 ml of methyl anhydride. Three parts of mixture A were 
then combined with every two parts of mixture B. DMP-30 
served as the resin hardner-accelerator and 0.2 ml of this 
solution were added to every 10 ml of Epon mixture. The 
plastic was polymerized at 60 C for 2b hours. 
Sections were cut with glass knives on a Sorvall Porter 
Blum MT-2 ultramicrotome. The sections were examined using 
an RCA EMU-^ electron microscope. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
Effects of temperature on the growth rates of M. pusillus 
and A. fumigatus were measured as radial growth of mycelial 
mats (mm) and the amount of mycelial yield (mg/dry wt.). 
All measurements were made at the end of a seven day period 
of incubation at five different temperature levels. These 
temperatures were 25* 30, 43, 50, and 55 0. Results obtain¬ 
ed from these measurements seem to indicate a significant 
difference in the growth rates of both M. pusillus and A, 
fumigatus when cultured at temperature levels between 25 
and 55 C. 
Effect of Temperature on Radial Mycelial Growth 
and Mycelial Yield of Mucor pusillus 
Data obtained from these studies and presented in Table 
1 indicate that the optimum temperature for growth of M. 
pusillus is approximately 43 C. Growth was profuse at this 
temperature as evidenced by the fact that the mycelial mat 
reached the edge of the plate within 40 hours. Although 
further radial increase at this temperature was prevented 
by the sides of the petri plate, the mat diameter for the 
five cultures in a series was recorded as 90 mm. The least 
amount of radial growth occurred at 55 0. Mat diameters 
20 
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Table 1: Mean diameters of mycelial mats of M. pusillus 
when cultured on Czapek‘s agar at 5 different 
temperature levels during 3 experimental se¬ 
ries of 7 days each. 
Series # 
Temperature 1 2 $ 
25 cr *24.6 34.1 33.2 
30 c 39.8 64.0 76.0 
43 C 90.0 90.0 90.0 
50 c 87.5 88.5 88.0 
55 C 17.6 23.6 21.8 
*Each number represents the mean (mm) radial growth of 
five replications.. 
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of 17.6, 23.6, and 21.8 nun were obtained at this temperature 
(Table 1).- While growth at 25 and 30 G was greater than 
that at 55 C mat diameters did not approach those develop¬ 
ing at 43 C. 
Table 2 provides a summary of the results obtained from 
all mycelial mat measurements at each temperature level. 
Each figure in the table represents the mean mat diameter 
for 15 replications. The data presented in this table show 
that growth at 25 and 30 C was slower than at higher tempera¬ 
tures. The mean mat diameters at 25 and 30 were 31.2 mm 
and 59.8 mm, respectively,. whereas at *+3 and 50 C, ob¬ 
viously more favorable temperatures, the mean mat diameters 
were 90.0 and 88.0 mm. The least amount of growth occurred 
at 55 C. At this temperature a mean mat diameter of 21.0 mm 
was produced by the isolate. When transfers of M. pusillus 
were incubated at 57 C no perceptible growth occurred. 
Further evidence of visible differences in mycelial 
growth of M. pusillus cultures after 7 days growth at the 
five different temperature levels used, is provided by Figs. 
1-3. 
When mycelial yield, determined as mean dry weights (mg) 
of mycelium, is compared with data from mycelial mat diameter 
measurements, the results generally agree. As shown in Table 
3 the greatest mycelial yield occurred at 43 C. This agrees 
with the data previously presented in Table 2 for mycelial 
growth. Abundant growth also occurred at 50 C for the av- 
23 
Table 2t Mean diameters of mycelial mats of isolates 
of A. fumigatus and M,. pusillus vhen cultur¬ 
ed on Czapek*s agar at 5 different temperature 
levels for 7 days. 
Temperature A. fumigatus M. pusillus 
25 c *29.2 31.2 
30 c 4-9.6 59.8 
4-3 C 88.8 90.0 
50 C 20.8 88.0 
55 C 21.0 
*Each number represents the mean mycelial mat diameter 
(mm) for fifteen replications^ 
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Fig. If Mycelial mats of M. pusillus after 7 days growth 
on Czapek's agar at 25 and 30 C. A. M. pusillus 
at 25 C. B. M. pusillus at 30 C. 
25 
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Fig. 2. Mycelial mats of M. pusillus after 7 days growth 
on Czapek’s agar at 43 and 50 C. A. M. pusillus. 





Fig. 3. Mycelial mat of M, pusillus after 7 days growth 
on Czapek's agar at 55 C. 
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Table 3cï Mycelial yields of _M. pusillus when cultured 
on Czapek‘s agar at 5 different temperature 
levels during 3 experimental series of 7 days-' 
each. 
Series # 
Temperature I 2 3" 
25 G ♦13.-2 IQ*. 2 12.2 
3Q C 104.6 72.7 95.6 
C 317.-2 274..2 355.0 
50 C 267.0 154.0 277.0 
55 C 17.0 16*6 15.5 
♦Each number represents the mean (mg) dry weight of 
five replications. 
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erage mycelial yield for each series at this temperature 
was 317.2, 274.2, and 355 mg* Table 3 further reveals that 
there was considerably less growth at all other temperatures 
used in these experiments. The lowest mycelial yield was, 
obtained from cultures incubated at 25 C. Although the 
spread or diameter of the mat was greater at 25 C than at 
55 C (Compare Fig. 1A and Fig* 3) the mats produced at 55 C 
were considerably thicker than those produced at 25 C. Data 
in support of this contention is obtained by noting the mat 
diameter figures (Table 1) and comparing them with the my¬ 
celial yields obtained at the two temperature levels (Table 
3). 
Table 4 provides a summary of the values obtained for 
the mean (mg) dry weight of mycelium in 15 replications. 
In this table it is shown that the greatest yield of my¬ 
celium for M* pusillus was obtained at 43 C. At this tem¬ 
perature a mean yield of 315.4 mg was produced. Lowest 
yields were obtained at 25 and 55 C. At 25 C an average 
yield of 12.2 mg was obtained and an average of 16.4 mg was 
obtained at 55 C* 
Description of Colonies of Mucor pusillus 
At 25 C. 
Within two to three days signs of a white mycelial 
growth was apparent on the inoculum plug and growth proceed¬ 
ed very slowly. The color of the mycelial mat remained white. 
Table b: Comparative mycelial yields of isolates of 
A. fumigatus and M., puslllus vhen cultured 
on Czapek's agar at 5 different temperature 
levels for 7 days.. 
Temperature A. fumigatus M.. nusillus 
25 c *18^.2 12*2 
30 C 306.2 95.9 
^3 C 356.2 315A 
50 C 3B.1 232.0 
55 C 16. 
♦Each number represents the mean (mg) dry weight of 
fifteen replications. 
Aerial mycelium was scanty, and sporangial development was 
poor. The reverse of the mat remained uncolored. 
At 30 C. 
The first signs of growth appeared within 2b hours. 
The mycelium was white at first but changed to gray by the 
end of the incubation period, Sporangial development was 
abundant resulting in the development of a slightly compact 
mat. The reverse of the mat remained colorless,. 
At ita c> 
The initial growth appeared to be much the same as it 
was at 30 C, with the first signs of growth appearing within 
2*+ hours.. After seven days of growth a thick mat covering 
the entire plate was produced.. The abundant aerial mycelium 
was densely covered with sporangia and resulted in the cul¬ 
ture becoming deep mouse gray in color. The reverse of the 
mat remained colorless. 
At 50 C. 
The first signs of growth appeared within *f8 hours after 
inoculation.. When the cultural characteristics of the my¬ 
celium at this temperature are compared with those previous¬ 
ly described a marked difference is noted. Instead of the 
usual white or gray colors previously observed, the initial 
mycelium was somewhat of a dull yellow in color.. By the 
end of the incubation period the mat developed shades of 
yellow and brown. Aerial mycelium though abundant was lower 
and more compressed than it was at lower temperatures (ïlg. 
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2)j§- Sporangial development was abundant with the mature 
sporangia becoming brown in color. 
At 55 G. 
After three days of incubation little growth was evi¬ 
dent. Mycelial growth, when appearing, was usually submerg¬ 
ed. The surface of the mycelium was uneven for patches of 
a creamy-white, smooth yeast-like growth was dispersed over 
the mat. At the end of the incubation period a thin aerial 
mycelial growth was present. Only sterile mycelia were 
produced for sporangia were never observed (Fig. 3). The 
reverse of the mat remained uncolored. 
Effect of Temperature on Radial Mycelial Growth 
and Mycelial Yield of Aspergillus fumigatus 
The data obtained from these studies indicate that the 
optimum temperature for mycelial growth of A. fumigatus is 
approximately 43 C. At the end of each 7 day experimental 
period radial growth was found to be greatest at this tem¬ 
perature level as evidenced by the mean mat diameters of 
87.5, 87.5» and 89.0 mm (Table 5). Mean mat diameters re¬ 
corded at all other temperature levels were considerably 
less than at 43 C, for at 30 C the mean diameters produced 
were 49.0, 49.0 and 51.0 mm, and at 50 C they were 24.8, 
17.2, and 20.4 mm. 
Data presented in Table 2, which provides the final 
mean diameters reached at each temperature after fifteen 
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Table 5* Mean diameters of mycelial mats of A. fumigatus 
when cultured on Czapels^s agar at 4 different 
temperature levels during 3 experimental series 
of 7 days each. 
Series # 
Temperature 1 2 3 
25 c ♦39.0 4o.4 37.0 
30 C 49.0 49.0 51.0 
43 c 8 7.5 8 7.5 89.0 
5o c 24.8 17.2 20.4 
♦Bach number represents the mean (mm) radial growth of 
five replications. 
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replications, are in agreement with the data presented in 
Table 5. An overall value of 88.8 mm for the mean mat 
diameter of this isolate, after 15 replications at 43 Cr 
provides further verification that growth was most abundant 
at 43 C. Overall mean values for growth at 25» 30, and 50 C 
were 29.2, 49.-6 and 20.8 mm respectively.. 
A comparison of values for mean (mg) dry weight at the 
end of each experimental series is presented in Table 6» 
Figures in Table 6 reveal results that are quite similar 
to those revealed by the mean mat diameters when compared,. 
That the optimum temperature for this isolate lies at or 
near 43 C is further verified in Table 6. The mean values 
for mycelial yield at this temperature were 384, 299» and 
388 mg. Abundant growth was produced at 25 and 30 C» how¬ 
ever, this growth was not as profuse as that produced at 
43 C.. This is evidenced by mean values for mycelial yield 
of 263.6, 157.1 and 138.2 mg at 25 C and 373.6, 282.6, and 
268.1 mg at 30 C. Furthermore a comparison of values listed 
in Table 6 clearly indicates that the least amount of growth 
occurred at 50 C.- Mean values for mycelial yield at 50 C 
were 3,2, 3.1, and 2.9 mg* 
Figures 4 and 5 provide photographs of representative 
mycelial mats of A. fumlgatus after 7 days growth at the 
four temperature levels used in this study.. When these 
figures are compared they clearly reveal that the most abun¬ 
dant growth of this organism occurred at 43 C (Fig.- 5A)‘ 
Table 6 s Mycelial yields of A., fumigatus when cultured 
on Czapek’s agar at 5 different temperature 




Temperature: I 2 3 
25 c ♦263.6 157.1 138.2 
30 C 373.6 282.6 268.1 
43 C 384.0 299.0 388..0 
50 C 3.2 3.1 2.9 
♦Each number represents the mean (mg) dry weight of 
five replications. 
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Fig.*+. Mycelial mats of A. fumigatus after 7 days growth 
on Czapek's agar at 25 and 30 C. A. A. fumigatus 
at 25 C.- B.- A. fumigatus at 30 C» 
Fig.. 5» Mycelial mats of A. fumigatus after 7 days growth 
on Czapek's agar at 43 and 50 C. A, A. fumigatus 
at 43 C.. B. A. fumigatus at 50 C. 
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and that the least growth was at 50 C (Fig., 5B). These fig¬ 
ures also show that growth was somewhat abundant at 25 and 
30 C (Figs. 4A-4H). 
Data presented in Table b lend additional support to 
these results. Evaluation of the figures listed in Table 
b again clearly reveal that the greatest amount of mycelial 
yield for A. fumigatus occurred at *f3 C. This is evidenced 
by the overall value of 358.2 mg for the mean mycelial yield. 
Other overall values for mean mycelial yield were 18M-.2, 
306.2, and 3.1 mg at 25, 30, and 5o C respectively. 
Description of Colonies of Aspergillus fumigatus 
At 25 C. 
Signs of growth did not appear until the second day. 
Within 2b hours after the first signs of growth conidial 
development was evident for a green color began to appear 
in the center portion of the white mycelial mat. The den¬ 
sity of the conidia in the center of the mat resulted in 
this area having a felt-like appearance (Fig. 4A)„ A fold¬ 
ing of the mat also occurred in this area. At the end of 
the incubation period the mat was greyish olive in color 
with a margin of white mycelium. The reverse of the mat 
was a shade of green.. The green color was localized in 
the central region of the mat and corresponded to the green 
conidial area of the aerial mycelium. 
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At 30 C. 
Initial mycelial growth at this temperature occurred 
within 2h hours. This early mycelial growth was a light 
cream color.. Conidial formation subsequently followed and 
resulted in the mycelium becoming an olive color. Conidial 
heads were more loosely arranged at this temperature and 
the center portion of the mat was only slightly folded 
(Fig.. *fB). Aerial mycelium was abundant at the end of the 
growth period. The margins of the mat remained cream- 
colored. The reverse of the mat remained uncolored. 
At C,. 
The first signs of growth were observed 2b hours after 
inoculation.- The mycelium was at first cream-colored. After 
seven days of growth abundant, densely aggregated conidial 
heads imparted a drab olive color» At this temperature the 
mycelium appeared to be more submerged than it was at lower 
temperatures and slight folds extended throughout the mat 
(Fig. 5A).. Throughout the growth period, however, the grow¬ 
ing edges of the mycelium remained cream-colored. The re¬ 
verse of the mat remained uncolored.. 
At 50 C. 
At this temperature growth was not evident until the 
third day after transfer. At the end of the seven day 
period only sterile mycelia had been produced. The my¬ 
celial mat was considerably folded throughout (Fig. 5®). 
The reverse remained uncolored. 
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Upper Temperature Limits for Growth 
The precise temperature at which growth fails to occur 
is diffcult to pinpoint due to the fact that the tempera¬ 
ture within an incubator will usually fluctuate within a 
range of £. 1 degree. Kowever, results obtained in this 
study indicate that the maximum temperature at which visi¬ 
ble mycelial growth occurs lies at slightly above 50 C for 
A. fumigatus and slightly above 55 C for M. pusillus. In¬ 
ocula transferred suddenly from a lower temperature, such 
as *+3 C to these levels exhibited little evidence of growth. 
When inoculum plugs of A. fumigatus were transferred sudden¬ 
ly from *+3 C to 50 C mycelial growth was abnormal. The 
relatively small mat developed no conidia and it was great¬ 
ly folded (Fig. 5B). At 50 C A. fumigatus had a mean diam¬ 
eter of 29.2 mm and a mean dry weight of 3.1 mg. Cultures 
incubated at the higher temperature where growth was sup¬ 
pressed showed signs of recovery when returned to ^3 C. 
Although the mat diameter of A. fumigatus did not increase 
further abundant conidial development did occur. This would 
indicate that the ability to produce conidia was not des¬ 
troyed at 50 C but merely suppressed,. 
M. pusillus like A. fumigatus also developed abnormally 
when suddenly transferred from *+3 to 55 C. At the higher 
temperature this isolate also only produced sterile mycelia 
and at first growth was entirely submerged. The mean diam— 
eter of the mat at 55 C was only 21.5 mm and the corre¬ 
sponding yield of mycelium was 16.4 mg. When poorly develop¬ 
ed cultures of M. pusillus were placed at 43 C these cultures 
still failed to grow. Thus it may be presumed that this 
Isolate was killed after exposure to 55 C. 
A plug was taken from the poorly developed mycelium 
of A. fumigatus. which had been incubated for seven days 
at 50 C. This plug was placed on fresh agar media and in¬ 
cubated for an additional period of seven days. At the end 
of this second incubation period there appeared to be some 
improvement in growth as shown in Figure 6. There was an 
increase in radial growth from a mean of 20.8 mm to a mean 
of 34.0 mm and slight conidial development occurred at this 
time, however, when transfers of this culture were incubated 
at 53 0 growth still failed to occur. When the inocula which 
had been incubated at 53 C were placed at 43 C slight myce¬ 
lial growth and conidial development occurred indicating 
that the organism was not killed at this temperature but 
that growth was merely suppressed. 
When the same procedure of transferring a plug from 
the poorly developed mycelium of M. pusillus was followed, 
the mycelium failed to show any further signs of growth.- 
These inocula when placed at 43 C still did not produce any 
further growth and thus it may be presumed that they were 
killed after exposure to 55 C. As the result of the failure 
of the poorly developed mycelium of M. pusillus to grow 
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Pig. 6. Mycelial mat of A. fumigatus after culture for an 
additional period of 7 days on Czapek's agar at 
50 C* 
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upon being transferred a second time, further attempts were 
not made to culture this isolate at higher temperatures. 
As previously indicated an attempt was made to obtain 
information on the membrane systems in hypha of the fungi 
when cultured at a low as well as at a high temperature. 
Results from these studies are very inconclusive however, 
for satisfactory electron micrographs have not been obtained.- 
Mycelial material has been fixed, embedded, and sectioned. 
Sections through hyphal strands have been obtained but the 
preparations have thus far not revealed internal structure 
in sufficient clarity. 
In considering possible causes for this failure to ob¬ 
tain satisfactory sections it appears that better sections, 
with better views of the endoplasmic reticulum and other 
membrane systems, may possibly have been obtained if a dif¬ 
ferent type of fixative or embedding medium had been used. 
CHAPTER V 
DISCUSSION AND CONCLUSIONS 
Results from these studies on growth of Aspergillus 
fumigatus and Mucor pusillus reveal similar growth and 
temperature relations to those that have been reported by- 
other investigators who have worked with these organisms* 
Cooney and Emerson (1964-) reported an upper temperature 
limit of 55 C for M., pusillus and they indicated that the 
most rapid growth occurred within the range of 35-^5 C. 
These investigators further reported that their isolate 
also grew abundantly at 50 C producing numerous sporangia.. 
The isolate that I worked with produced its most rapid growth 
at 43 C and, like the isolate of Cooney and Emerson It grew 
abundantly at 5U C.. 
Raper and Fennell (1965) reported that A. fumigatus 
grows well at temperatures up to 4-5 C or even higher.. 
Similarly the isolate of A. fumigatus used in this study 
grew abundantly at 4-3 C* 
The portion of this investigation which has dealt speci¬ 
fically with the upper temperature limits for growth of A. 
fumigatus and M. pusillus has revealed similar results to 
those which LaTouche (19^9) experienced with his isolate 
of Chaetomium.- He found that when inocula were transferred 
suddenly from a lower temperature, such as 4-5 C, to a higher 
4*3 
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temperature, such as 60 C, growth frequently failed to occur, 
but when the transfer was made by gradually increasing the 
temperature levels some slight increase in growth was ob¬ 
served. With this in mind 1 decided to determine whether 
or not A. fumlgatus and M. pusillus could become gradually 
adapted to growing at or above their maximum temperatures.. 
Although A. fumlgatus did not grow well at 50 C, there: 
was an obvious increase in the diameter of the mat and co— 
nidial development did occur when a portion of the poorly 
developed mycelium of a culture that had been incubated at 
50 C was transferred and cultured for a second seven day 
period at the same temperature. These results therefore 
lend support to LaTouche*s hypothesis that organisms can 
become adapted to growing at higher temperatures if they 
are gradually exposed to such temperatures. 
It may be speculated from these results that if these 
same types of experiments were conducted over a much longer 
period of time, then this same organism could possibly be¬ 
come adapted to the point where it would grow optimally at 
its previously described maximum temperature. Furthermore 
once A. fumigatus became adapted to growing at 5o C then 
it would seem likely that through using the same technique 
of gradual exposure, this organism could then be induced 
to survive higher temperatures. Results which lend support 
to this idea are those which developed when inocula which 
had failed to grow at 53 C were placed at 4-3 C and signs 
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of mycelial growth and conldiophore development were observed. 
This demonstrated that the growth and reproductive capacity 
of the organism was not permanently altered at 53 C but 
that growth and conidial formation were merely suppressed. 
The possibility exists that the fungus could become adapted 
to grow at the higher temperature•- 
Suprisingly the Mucor did not respond in the same manner 
as A. fumigatus when the same techniques were used in an 
attempt to condition it to growing at or above its maximum 
temperature. This does not necessarily lend support to 
Gaughran's Cl9^7) hypothesis that the probability of observ¬ 
ing adaptations to environmental conditions by prolonged 
cultivation of an organism under a slightly modified environ¬ 
mental condition is hardly to be expected. Instead the fail¬ 
ure of M,. pusillus to become conditioned to growing at 55 C 
may merely suggest that whereas, the techniques used in this 
study were successful in causing an improvement in growth 
of A. fumigatus at 50 C, these same techniques may not be 
effective with all organisms. It is possible that there 
is some physiological difference between the two organisms. 
This difference, therefore, could be responsible for one 
of the organisms used in this study being able to become 
easily adapted to growing under different environmental con¬ 
ditions, whereas, the other could not. 
Furthermore there is room for the exploration of other 
possibilities which might lead to M. pusillus becoming adapt— 
ed to growing at higher temperatures. Fries (1953) based 
his work on the assumption that vitamin and amino acid re¬ 
quirements of some bacteria and lower fungi depend to a 
considerable degree on temperature sensitivity of enzyme 
systems. He found that by the addition of hydrolysed casein 
to the culture medium he could produce a considerable in¬ 
crease in the growth of Coprinus fimetarius at M+ C. Sim¬ 
ilarly a study could be made of the vitamin and amino acid 
requirements of M.- pusillus and how these requirements are 
affected by temperature. The probable effects of supplement¬ 
ing the medium with additional vitamins and amino acids could 
then be explored. This supplementing of the medium with 
vitamins and amino acids could in turn lead to the organism 
being able to survive at higher temperatures than it could 
previously have survived. 
No conclusive statements can be made at this time as 
to whether or not organisms can actually, in all cases, be 
induced to grow at or above their maximum temperature. How¬ 
ever, from the results obtained with A. fumigatus it would 
appear that the technique of gradually exposing organisms 
to higher temperatures would definitely be one method of 
inducing certain organisms to grow abundantly at or above 
their maximum temperatures. This in turn lends support to 
Brock's (1967) theory that the highest temperature at which 
an organism is found to be living is not necessarily the 
upper temperature for its life. 
CHAPTER VI 
SUMMARY 
The upper temperature limits for mycelial growth of 
Aspergillus fumigatus and Mucor pusillus have "been deter¬ 
mined by culturing each of these isolates at five different 
temperature levels. Measurements of radial growth of the 
mycelial mats, as well as determinations of the amount of 
mycelial yield at each temperature level revealed that the 
upper temperature limits for A., fumigatus and M. pusillus 
were 50 and 55 C respectively. 
Attempts to induce these organisms to grow abundantly 
at temperatures beyond their normal growth range, by first 
gradually conditioning them to growing at their maximum 
temperature, resulted in improved growth of A. fumigatus- 
During the first seven day incubation period at 50 C, this 
organism scarcely grew and only sterile mycelia were pro¬ 
duced. On the other hand a second seven day period of in¬ 
cubation of a portion of this sterile mycelium, resulted 
in an obvious increase in the diameter of the mat and de¬ 
velopment of conidiophores. M.. pusillus failed to respond 
positively to efforts made to condition it to growing at 
55 C and appeared to have been killed after slight growth 
at this level- 
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